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GATED ELECTRON EMITTER HAVING SUPPORTED GATE 
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Background of the Invention 
Field of the Invention 

[0001] This invention relates to a device for field emission of electrons. More 

particularly, apparatus and method for manufacture are provided for a field emitter having a 
mechanically supported extraction gate. 
Description of Related Art 

[0002] Field emission is a well-known effect in which electrons are induced to leave a 

cathode material by a strong electric field. The electric field is formed by a grid or gate 
electrode in proximity to a tip or protrusion of the cathode material. A common problem 
with field emission devices fabricated with grids or gates in close proximity to a tip of 
cathode material is that an electrical short-circuit may develop along the surface of the 
insulator layer between the gate and the cathode, which can render the device inoperable. To 
alleviate the problem, field emission devices have utilized multiple layers of insulator 
material between the cathode and gate or grid to increase the path length along the surfaces 
between the gate and cathode. U.S. Patent No. 6,181,060B1 discloses multiple dielectric 
layers between the grid and cathode that are selectively etched to form a fin of the less 
etchable dielectric. The fin increases the path length for electrons along the surfaces between 
the grid and cathode, thus reducing leakage and increasing the breakdown voltage. 
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[0003] Dielectric layers between the gate and cathode have been undercut to produce 

field emission cathodes having decreased electrical capacitance. Undercutting refers to the 
process of removing all or most of the material surrounding a majority of the tips, leaving 
cavities that encompass multiple tips. A problem with cavities is the deflection of the gate 
layer above the cavity due to electrostatic or mechanical forces. In order to minimize gate 
deflection over cavities, U.S. Patent No. 5,589,728 discloses pillars or post supports spaced 
throughout the cavities that directly support the gate layer but leave the gate layer 
unsupported between the pillars or posts. Effective gate support with only pillars and such 
supports reduces overall emission tip density because the pillars are spaced closely and utilize 
space where tips could otherwise be located. A lower overall emission tip density can require 
a larger emission device to produce similar electron emission. Such a device may be too 
large for utilization in products such as CRTs or electron guns. 

[0004] Accordingly, a need exists for an improved gated electron emitting device. 

Such device should provide higher current and current density and have longer lifetime than 
prior art devices. Preferably, the device should be produced inexpensively utilizing 
conventional semiconductor fabrication processes. 
Summary of Invention 

[0005] A gated field emission device with a dielectric support layer that supports the 

gate electrode over an opening or cavity around one or more emission tips is provided. In 
one embodiment, multiple layers of dielectric with cavities between the layers and a dielectric 
support layer that supports the gate electrode are provided. In yet another embodiment, field 
emission apparatus utilizing support structures such as posts or walls in contact with the 
support layer are provided. A cover layer of dielectric may be used over the gate layer. 
Emitter tips may be carbon-based. Methods for making the device using known processing 
steps are provided. 

[0006] The foregoing general description and the following detailed description are 

exemplary and explanatory only and are not restrictive of the invention as claimed. 
Description of Figures 

[0007] The present invention is illustrated by way of example and not limitation in 

the accompanying figures. 

[0008] FIG. 1 includes an illustration of a portion of a silicon substrate with a 

template for forming mold indentions in the silicon. 
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[0009] FIG. 2 includes an illustration of a cross-sectional view of a portion of the 

silicon substrate of FIG. 1 after the template is removed and an emission layer is formed over 
the silicon substrate and emission tips are formed in mold indentions. 

[0010] FIG. 3 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 2 after the mold is removed and a first layer, 
support layer, gate layer, and photoresist have been formed over the emission layer. 
[0011] FIG. 4 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 3 where a portion of the photoresist above the 
emission tips has been etched to expose a portion of the gate layer. 

[0012] FIG. 5 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 4 after etching a portion of the gate layer above the 
emission tips to expose a portion of the support layer. 

[0013] FIG. 6 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 5 after etching a portion of the support layer above 
the emission tips to expose a portion of the first layer. 

[0014] FIG. 7 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 6 after etching the first layer to form cavities 
surrounding individual emission tips. 

[0015] FIG. 8 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 7 after etching the first layer to form a cavity 
surrounding multiple emission tips. 

[0016] FIG. 9 includes an illustration of a top view of a silicon substrate masked to 

define support walls and emission tips. 

[0017] FIG. 10 includes an illustration of a cross- sectional view of a portion of an 

emission layer with emission tips after the first layer has been etched to define a support wall. 
[0018] FIG. 11 includes an illustration of a top view of a silicon substrate masked to 

define support pillars and emission tips. 

[0019] FIG. 12 includes an illustration of a cross-sectional of a portion of an emission 

layer with emission tips after a first layer, first intermediate layer, second intermediate layer, 
support layer, and gate layer have been formed over the emission layer and emission tips. 
[0020] FIG. 13 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 12 after the gate layer and support layer have been 
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etched to define openings above the emission tips and the second intermediate layer has been 
etched to define a cavity surrounding multiple emission tips. 

[0021] FIG. 14 includes an illustration of a cross-sectional view of a portion of the 

emission layer with emission tips of FIG. 13 after the first intermediate layer has been etched 
to define openings above the emission tips and the first layer has been etched to define 
cavities surrounding individual emission tips. 

[0022] FIG. 1 5 includes an illustration of a cross-sectional view of a portion of a gate 

layer after a layer has been formed over the gate layer and openings have been etched in the 
layer and gate layer. 

[0023] Skilled artisans appreciate that elements in the figures are illustrated for 

simplicity and clarity and have not necessarily been drawn to scale. For example, the 
dimensions of some of the elements in the figures may be exaggerated relative to other 
elements to help improve understanding of embodiments of the present invention. 
Detailed Description 

[0024] Reference is now made in detail to the exemplary embodiments of the 

invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers will be used throughout the drawings to refer to the 
same or like parts (elements). 

[0025] FIG. 1 illustrates a portion of mold 10 that may be produced using common 

photolithographic techniques. Initially, thin silicon oxide, silicon nitride, or other similar 
film 12 can be grown on the surface of silicon wafer 14. A template may be created by 
etching a plurality of openings 16 in the oxide film using conventional photolithographic 
processes. The openings may be in the shape of squares or circles. The openings may be in 
the range of about 2 microns per side and can be arranged in groups such that each group 
forms an array having a selected number of squares, such as group 18. Mold 10 may consist 
of a plurality of groups. After the openings are defined in the template, the mold can be 
anisotropically etched in potassium hydroxide to form indentations or pits in the silicon. The 
pits may be in the shape of inverted pyramids. The template may be removed using common 
processes. 

[0026] Emission layer 20 may be formed over the mold as shown in FIG. 2. 

Emission layer 20 may comprise a carbon-based film formed by placing mold 10 in a 
conventional diamond growth reactor. Common growth conditions may be used to form a 
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carbon-based film, such as disclosed in U.S. Patent No. 6,181,055B1, which is incorporated 
by reference herein. Such films may contain a mixture of sp2 and sp3 carbon bonds, and are 
sometimes referred to as "diamond" and sometimes "carbon-based." The growth of carbon- 
based material into mold indentions 22 results in tips 24 that can be used as emitters. Other 
materials having electron-emitting properties may be used. Molded tips 24 can be pyramidal. 
Emission layer 20 may be grown to a thickness greater than the height of mold indentions 22 
to ensure complete formation of tips 24, and generally may have a thickness in the range of 
approximately 2-5 microns. Emission layer 20 usually will be less than 400 microns thick. 
[0027] Silicon wafer 14 can be removed from the carbon-based material using well- 

known techniques, leaving molded carbon-based emitter tips 24 supported by emission 
layer 20 or other supportive material, as shown in Figure 3. First dielectric layer 30 may be 
formed over tips 24 and emission layer 20 using techniques such as sputtering or chemical 
vapor deposition. Next, dielectric support layer 32 may be formed over first layer 30. First 
layer 30 may be silicon dioxide (Si02) or other dielectric material and support layer 32 may 
be silicon nitride (S13N4), a stable form of silicon dioxide, or other dielectric material that 
allows layer 30 to be selectively etched relative to support layer 32. That is, first layer 30 
should be etched at a faster rate than support layer 32 when a selected etchant is used. More 
than two dielectric layers that etch at different rates with selected etchants may be used. The 
combined thickness of first layer 30 and support layer 32 may be in the range of 
approximately 0.5-3 microns. First layer 30 and support layer 32 can have a ratio of 
thickness of approximately one, but may have large deviations from this ratio. The support 
layer should be thick enough to provide needed mechanical strength for gate layer 34, which 
generally can be provided when the thickness of support layer 32 is in the range of 0.5-3 
micron. 

[0028] Still referring to FIG. 3, gate layer 34 may be formed by sputtering or 

evaporating molybdenum or a similarly conductive and reactive material over support 
layer 32. Gate layer 34 may have a thickness in the range of approximately 0.1-0.8 microns. 
Photoresist 36 can be spun onto gate layer 34 such that photoresist 36 over tips 24 is thinner 
than between tips 24. Next, photoresist 36 may be ion etched with oxygen or another 
similarly reactive etchant to remove photoresist 36 over tips 24. This etching should expose 
gate layer 34 over tips 24, as shown in FIG 4. 
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[0029] Illustrated in FIG. 5, gate layer 34 may be reactive ion etched with carbon 

tetrafluoride (CF 4 ), sulfur hexaftuoride (SF 6 ), or another similarly reactive chemical to 
expose support layer 32 over tips 24. Remaining photoresist can be removed using common 
processes, leaving gate layer 34 exposed as illustrated in FIG. 6. Support layer 32 can be 
further reactive ion etched to form an opening in layer 32 and to expose first layer 30 through 
that opening, as shown in FIG. 6. The opening in support layer 32 should be equal in size or 
smaller than the opening in gate layer 34. 

[0030] First layer 30 can be wet etched back from tips 24, using a buffered 

hydrofluoric acid or another similarly reactive etchant. FIG. 7 illustrates the result. 
Cavity 70 can be formed in first layer 30 around each tip 24. A portion of support layer 32 is 
left to protect and support gate layer 34. The resulting structure of FIG. 7 increases the 
surface breakdown path length, mechanically supports gate layer 34 and protects gate 
layer 34 from evolving tip material. As a result, leakage current between gate layer 34 and 
emitter tips 24 will be reduced significantly. 

[0031] In another embodiment, first dielectric layer 30 is completely etched away 

from most of the tips 24, as illustrated in FIG. 8. This etching step creates cavity 80 around 
and between multiple tips 24. Support layer 32 is more resistant to the etchant used on first 
layer 30, such that support layer 32 remains intact and supports gate layer 34. 
[0032] Spaced support structure may be provided for support layer 32 when cavity 80 

is large. Dielectric support walls may be formed in an emitter tip array by creating gaps 90 
between tip indentions 92 in an initial mold 94, as illustrated in FIG. 9. Gaps 90 and tip 
indentions 92 may be created in mold 94 using common lithographic techniques. If the gaps 
are sufficiently wide, for example having a width greater than the tip-to-tip distance 102 
(FIG. 10), support wall 100 may remain after layers surrounding the tips are etched as 
described above. Support wall 100 can be located in the range of 30-70 microns from other 
support walls or structures, for example. Support walls may be formed in emitter arrays 
using more than two dielectric layers between an emission layer and a gate layer. 
[0033] Alternatively, support pillars can be formed in a final emitter tip array by 

creating gaps 110 amongst tip indentions 92 in the initial mold 94, as illustrated in FIG. 11. 
Gaps 110 and tip indentions 92 may be created in mold 94 using common lithographic 
techniques. If the gaps are sufficiently large, for example having a width greater than the tip- 
to-tip distance 102, support pillar 110 may remain after layers surrounding the tips are etched 
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as described above. Support pillars can be located 30-70 microns from other supporting 
pillars or structures, for example. Support pillars may be formed in emitter arrays using 
multiple dielectric layers between an emission layer and support layer. 

[0034] In yet another embodiment, illustrated in FIG. 12, multiple layers may be 

formed between emission layer 20 and support layer 32. The additional layers can be formed 
as previously described, utilizing conventional deposition methods such as sputtering or 
chemical vapor deposition. Additional layers may also be etched to define openings as 
described above using common etch techniques such as wet etching, dry etching, and reactive 
ion etching. Methods of forming support structures described earlier may be used with 
multiple layers located between an emission layer and gate layer. 

[0035] In a particular embodiment, first etch layer 31, which may be a dielectric or a 

conductor, as shown in FIG. 12, may be formed over emission layer 20 and tips 24. First etch 
layer 31 may comprise aluminum or a dielectric etchable material and can be formed through 
sputter deposition or other common techniques. First intermediate dielectric layer 120 may 
be formed over first etch layer 3 1 and may comprise silicon nitride, a stable silicon dioxide, 
or other dielectric material that is capable of being selectively etched in relation to first etch 
layer 31 or layers formed later in time. First intermediate dielectric layer 120 may have a 
thickness in the range from about 0.1 to about 0.7 micron, for example. Second intermediate 
dielectric layer 122 can be formed over first intermediate dielectric layer 120 and may 
comprise silicon dioxide or other dielectric material that is capable of being selectively 
etched in relation to first etch layer 31, first intermediate dielectric layer 120, or layers 
formed later in time. The second intermediate dielectric layer may have a thickness in the 
range from about 0.5 to about 1 .5 micron, for example. Support layer 32 is formed over the 
second intermediate layer and may comprise silicon nitride, a stable silicon dioxide, or other 
dielectric material that may be selectively etched in relation to first etch layer 31, first 
intermediate dielectric layer 120, second intermediate dielectric layer 122, or layers formed 
later in time. First intermediate dielectric layer 120, second intermediate dielectric layer 122, 
and support layer 32 can be formed through chemical vapor deposition or other conventional 
methods. Gate layer 34 may be formed over the support layer as described above. 
Preferably, all of these layers may each have a total thickness in the range of about 0.5-3 
micron, but other values of thickness can also be used. 
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[0036] Photoresist can be applied and gate layer 34 and support layer 32 may be 

etched as described above to form an opening in layer 32 and to expose second intermediate 
dielectric layer 122 through that opening. The opening in support layer 32 should be equal in 
size or smaller in size than the opening in gate 34. A wet etch, such as buffered hydrofluoric 
acid or another similarly reactive chemical, may then be used to etch second intermediate 
dielectric layer 122 between support layer 32 and first intermediate dielectric layer 120 to 
form cavity 130 between support layer 32 and first intermediate layer 120, illustrated in 
FIG. 13. A reactive ion etch, as described above, can then etch first intermediate layer 120 to 
expose first etch layer 31. A wet etchant, such as phosphoric acid or another similarly 
reactive chemical, can be used to remove first etch layer 31 from tips 24 resulting in the 
structure illustrated in FIG. 14. First etch layer 31 may be etched completely away from most 
tips 24 to form a cavity (not shown). 

[0037] Another embodiment may include cover layer 150 formed over gate layer 34, 

illustrated in FIG. 15. Layer 150 may be made of silicon dioxide, silicon nitride, or other 
dielectric material that may be selectively etched in relation to underlying layers. Layer 150 
can be formed using chemical vapor deposition or other conventional methods and may have 
a thickness in the range from about 0.1 to about 0.9 micron. Layer 150 can provide 
additional stiffness to gate layer 34 and further protection against electrical shorts. 
Embodiments incorporating layer 150 may be processed as described above to define 
openings, cavities, and support structures. Multiple layers may be formed between gate 
layer 34 and layer 150, or over layer 150 using common processes. 

[0038] The field emission arrays disclosed herein exhibit more reliable operation and 

longer lifetimes than field emission arrays of the prior art. Deflection of the gate layer over 
cavities is eliminated or substantially reduced. The support layer allows fewer supports such 
as pillars or walls, and thus makes possible greater emission tip density and hence greater 
emission current density. 

[0039] In the foregoing specification, the invention has been described with reference 

to specific embodiments. However, after reading this specification, one of ordinary skill in 
the art appreciates that various modifications and changes can be made without departing 
from the scope of the present invention as set forth in the claims below. 
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